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Teohnical Note 2128

or 75-KUUMKER-BORE cYmmRIcAL

ROLLER Imlum3 AT HIGH SPEEDS

I- R%tTlxI!STODIES

By E. Fred liacksand Zolton It.Ilemeth

An e~rimental investigation of 75-millimet&-bore (size 215)
roller bearings of three different cage types was conducted over a
-e at IJN values (product & bearing bore h m and shaft speed

in rp) from 0.3 x 106 to 1.65 x 106 and static radial loada from 7
to 1613 pcunas with circulatory oil feed.

Of the seven besrings investigated three incipient failures
occurred. One failure was al?an inner-zace riding-cage type bearing
and the other two were M roller-riddng cage-t~e bearings. The max-

imum IN value r~ohed was 1.65 x 106 for the inner-race-riding cage-
type bearing failure and 1.4 x 106 for each of the other failures.

The o~mting temperatures of the three types ‘d bearing were
found to differ most appreciably in the low-load, high-speed mnge
where the roller-riding cage-type bearing e~bited significantly
lower operating temperatures than the one- and two-piece 3mner-race-
riding cage-tyye bearings. The opention of the roller-riding cage-
type bearings, however, was considerably rougher than that af huer-
‘race-ridingcage-type bearings, and the bearings showed prohibitive
roller and cage wear after relatively short high-speed operation
(I)N values over 1 X 106) as compard to the hne=race-riding cage-
type bearings.

h general, percentage of slip within the bearings increased with
&crease in DN value and decreased with increase in load, reaching
average values greater thdn 50-peroent slip at light lcx@s for Ill
values over 1 X 106.

TMer certain operating conditions, namely moderate syeeds amd
loads, the inner-race-riding cage-t~e bear% operated with a cage
speed greater than the theoretical value indicating that the cage and
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2’ NACA !ITY2128

rollers were &iven by the cage-locating surfaoe rather than the oage
be= driven by the rollers. This condition was not observed for an
equivalent bearing harbg a roller-riding oage.

A oirmmferential temperature gradient existed around the outer
race of the turbine roller bearing & a commercial gas-turbine engine;
this ~dient was qualitatively stiilar to that obtained in the bear-
ing rig in that the maxbum temperate occurred h the region 2700
to 300° after the oil-set location in the direction of sheft rotation,
whereas the minimum temperature occurred in the region 600 to 900
titer the oil-jet looation h the direction of shaft rotation.

The actual Mfe M cylindrical roller bearimgs operating at
DM values over about 0.7 x 106 and light loads my be appreciably
greater than the p~cted fat- me based upon the smn of the
external load and the theoretical value cd’cen+rH’ugal load. This
apparent increase in life is due to slippage within the bearing,
which effeot has not heret~ore been considered in such calculations.

AMho@h considerable slippage occurred at high spee~ and light
loads for the cylhdrical roller bearings tivestigated, there was
mgligible roller wear in the bearings that Md not fail. It is
therefore postulated that there may exist a hydrodynamic film of
between rollers and raceways under such operat~ conditions.

II?TRODUOTIOIV

A defendable beezhw to carry radial load at etireme speed,

oil

and
preferab~ to operate at-high ambient temperatures, is des~ed. for
use as the turbine-supportbearhg in gas-turbine-type aticraft-
p?opuleion units, where gratity lads generally under 1000 pounds and

DN values (~oduct of bearing bore h mu and shaft speed h V) to
1 x 106 are presently encountered, as welI as for other high-speed
applioationa. It is des~ble to lmow the o~rating characteristics
and limitations of conventional rolUmg-contact bearings at high
speeds end,how thesb characteristicsand ltiitations may be improved
and extended by such means as -vwd lubrication methods and design
modif’ioaticms.

The literature contains only a little information on ‘roller

bearings near a DIi velue of.1 x 106; except for reference 1, this
infoniation is unavailable. Cage failures of the rear turbine bear-
ing of aircraft gas-turbine engines due to faulty lubrication upon
starting has been reported by Wilcook (reference2). .“

#

.



NACA TN 2128 3

.

.

A preltiinary investigationwas conducted at the NACA Lewis
laboratory to determim experimentally the operating cha~cteristics
of conventional cylindrical-rollerbearings at high speeds. Three
types of bearing were studied, the main difference being in the cage
construction. The three typs are used interchangeably in aircmft
gas-turbine engines and are of 75-milltieterbore, 130-milMmeter
outside diameter, and 25-milltieter~dth. Seven .bear@s in all
were tested. The ranges of controlled variables in this investigation

were as follows: DIV values from 0.3 x 106 to 1.65 x 106 (4000 to
22,000 rp), ad static radial loads from 7 to 161.3pounds. Oil
at 100o 1?was supplied to the bearing under investigation by means of
a single Jet & 0.089- or 0.180-inch diameter Mreoted at the space
be&ween the cage and the inner-mce flange exoept b two cases where
twin Jetsf each of O.100-inch diameter, were used on either sise of
the bearing. External heat was not apylied to the bearing housing
or to the shaft. ~ta from the rear turbine bearhg of a comercial
‘gas-turbine engine operating to maximti speed (DN value,
0.86 X 106) is included for ccqmzison with the beam data fram
the test rig.

APPARATUS

Bearin.$rig. - The @lal-lead rig used in this
shuwn b figure 1.

investigation is

The bearing under investigationwas mounted on one end cf the
test shaft, which is supported-in a cantilever fashion for purposes
of observing the component prts and the flaw of the lubricant during
operation. This arrangement also facilitates assembly and disassembly
of the test bear~ for inspection at frequent intervals. The outer
race of the test bearing was mounted in the turbti bearing ho&ing
of an aircraft gas-turbine engine and for rigidity this assembly was
mounted in a steel housing of 21/32-inch radial cross section. The
complete outer-race assembly was axially positimed between two
uprights with O.002-inch axial olearsace. b order to prevent rota-
tion m? the housing assembly during no-load ope~tion, a stop pin
located in one upright engaged a clearance hole in the outer-race
housing.

A radial load up to 1613 pounds was applied to the bearing under
investigation by means of a lever and dead-weight systmn. The end
of the load arm, which contacts the bottom of the bearing I-)using,
was ~ovided with a locating pilot pti and convex upper surface.
The cmvatme of the surface serves to compensate for effects of
slmft deflection. Load on the bearhgs was applied vertically upward.

. .. . —-— .._.___ ._. —__ _____ ._ ____ ___ _ _



.

4“ lMCA 73?2128

With these methods & mounting and ldldng,, the opemting oharaote~
istios & the bearing under invest~tion are essentially unsffeoted
by -1-1 shaft deflection as well as smll shaft and load-arm mis-
aUnements.

5e test-shaft assembly is shown h figwe 2. ‘l?he.sW?t is sup-
~ed on two deep+pouve Comma type ball bearings & sizes 207 and
209. The size 207 beering, mounted at the drive end of the shsft,
locates the shaft in the ax3al Mreoti- The size 209 bearhg, its
outer =ce free to move *11.y, is motmtea miaway between the 207
Waring and the’bearing under @estimation; in oonsequenoe, the
size 209 bearhg ties twioe the effectim apglied load and the size
207 bearing supports the same loaa as does the bearing under investi-
gation. The inner raoe of each supyort lmaring was mounted with an
interfe?xmcefit on the shaft @ held ti place by means af a star-
look washer and look nut. A mdial set screw through the lock nut
and s~ted ti a keyuay of the shaft was required at the extreme oper-
atdng oondition$ to insure positi= looation of the bear3ngs ‘onthe
Swt ●

Drive equipment. - The high-speea drive equipment consists & a
shunt-wound 22%horsepower direct-ourrentmotor oonneoted to a
10:1 speea horeaser. The high-sped shaft c& the speetlinoreaser is
connected to the test shaft by means of a flcating 8PM ooupling.
The speed range d the test she$t is 800 to 50,000 rp controllable
to ~thfi ~ peroent.

Test bearings. --The seven test bearbgs (table I) were standard
cylindrical roller bearings & a conventional airoraft gas-tmbti
engine. Three bearing designs, eaoh hav5ng dcnibleflanges on the
innsr mace antia removable outer race are used.titerdmngeably as
the turbine rotor bear3ng in this engine, the bearing dimensions being
75-millimeterbore, 130-millimeter outside dimeter, and 25-milMmeter
width. A drawing emphasizing the differences of the three typs & .
beariw iS shown in fi$we 3. ‘llhedesigns MfYer @noipally in the
oonstruotion at the o-ageand.the radial looation af the cage, one
behg a one-pieoe bner-raoe=iding oage, another a two-piece ri=ted
roller-riding oage, and the thikd a two-piece rivetea inner-race-
riding oage.

Tempen3ture measurement. - Six tion-mnstantan the$mooouples
were looatea at 6(P intervals around the outer-=oe ~riphery of the
bearing under investigation at the axial center line. The *hermo-
oouples were embeaaea in the outer-moe hous5ng, flush with the hous-
ing bore, and made contaot with the ou%er-raoe outside s~ace.
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A copyer-constantanthermocouple was pressed against the -r-
inside surface at the axial center - of the test bearing.

The signal genemted was transmitted through copper and constantan
slip rings at the end af the shaft. The brushes, through operation
of a solenoid, ccxrtmted the slip rings only at the time a reading
was made ●

Thermocouples contacting the outer-raoe outside stmfaoe were .
installed on the top and the botta of each support bearing.

Thermocouples were located in the oil lines immediately upstream
of the potits at which oil entered the bearings. Oil-out,
e~rimental-unit ambient, and sump temperatures were also mea-d.

Lubrication system. - The lubrication system used was of the cir-
culating type. Oil inlet temperature was controlled to within il” F
and oil inlet pressure to within *O.2 pound ~r square inch. ‘Oil
flow was determhed by calibrated rotameters. Oil entering and
leaving the support bearings was kept from the vicinity af the test
bearing by m~ af a shaft slinger and “anoil shield. me oil was
dmined by gravity from the base & the rig to a sump and then recir-
culated. A full-fluw filter was wovided after the oil-supply pmp.

.
cage-speed titermination. - Cage speed was measured by a mag-

netic pickup (fig. 4), which counted the rollers as they passed a c
given station. The signal from the pickup was amplified, read on a
frequency meter, and recorded on a recording ammeter.

I!EWEDURE

Lubrication &’ test bearing - Lubricant at 100° F was supplied
to the bearing under investigati& through a single jet & O.089-inch
(bearings 4 to 6) or 0.180-inch (bearing 1) dimeter. Bearings 2 L@-
3 were lubricated by si@e -opposed jets~ each O.l~-inch in di~ter~
that supplied 5.2 pounds per minute total flow at 10 pounds per square
inch. (The lubrication of bearing 7 till.be discussed later.) The
oil was directed at the space between the cage and the inner-race”
flange on the unloaded side of the bearing and perpendicular to the
bearing face in all caseq.

The momrties at the oil used are given ti figure 5. This oil
was a co&er&ally pepared blend cd’a highly refined
with a -11 percentage of a polymer added to improve
index.

paraffin base
the viscosity

\
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6 NACA TN 2128

Lubrication of support bearings. - Inasmuch as temperature gra-

dients al- a shaft axis cause a flow of heat to or from the
bw@s, it iS imPo*t m cq==ti= be=- rese~h tO ~fi-
tati the support beer-s at nearly constant tempemtures for a
given operating condition. A large quantity of oil was supplied to
eaoh of the su~gort bearings; the flow and the tenqpature of the oil
was held constant for all the investigationsreported. For all runs,
the oil to each sup~ort bearing was supplied at 100° I’and a pressure
of 10 pouiis per square inch through O.180-Wh-diameter jets directed
at the cage-locating surface (flow of 8 lb/mti).

Test-bearing measmnanents. - The test bearings were measured on

a standard fixture to determine the unmounted eccentricity and
internal cl.earance (table I). A O.0001-inch dial 3ndicator was used
in coqlunction with the f~me. The measurements of C1earance =a
eccentricitywere accuzate to withti +.0001 @h.

Wsmuch as the interferencebetween the inner-race bore and.
the shaft diameter was d? the order & 0.001 inch, the inner-race
and cage assembly & the test bearing were heated in an oil bath to
a temperature of approximately 225° F in order to facilitate assembly
of the toner race on the shaft.

After assembly, the bearing was again measured for eccentricity
and internal clearance. At intervals &w@ long runs, the bearimg
was tisually inspcted and cheoked for internal and cage clearance.

The surface finish (obtainedusing a Profilmeter) is given in
table II amd the haminess of the component prts @ each cage-t~
test be=ing, before and after running, is given in table III.
Contaot-surface cromxlng data for new bearings was obtained using a
Pratt and Whitiey Electrol.imitGage and is given for each bearing
type in table IV.

Reference conditions. - lh artierto determine the influence of

rumdmg time on bearing prformnce, frequent checks of the bear~
operating c~oteristics were made with bearings 5 and 6 at a ~e-
ad~a set af o~rating oonddtions, that is, DN value of
1.2 X 106 (16,000rpm), 368 pound lc.ad,and lubrication @ 2.75 wund.s
~r ~te throw a 0. 089-inoh-Mameter jet. Oil semples were taken.
on nmy of these occasions. h this &r, it was
mine the changes h bearing characteristicsas well
oil over long running periods.

possible to dete~
as changes in the
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E@ne data. - An attemyt was made ‘tocorrelate test-bearing
data with actual engine operation data by instrumentation of the
rear-turbine bearing (bear@ 7, table I) of a camnercial gas-
tyrbine engine. This bearing was lubricated by a single jet of
O.052-inch diameter. The engine oil used was Nav 3042 (6.1 x 10-6
‘reynsat 100° F, 0.72 x 10-6 reyns at 210° F, viscosity index
of 100, and a flash yoint of 390° l?). Six oater-race thermocouples
were located at 600 intervals around the bearing circumference.
The thermocouples were mounted radially through the outer-race
housing so that the sensitive element made contact with the outer
race (the method used in the bearing-test mchine). All the thermo-
couples were mounted at the axial center line of the bearing. A
special oil-inlet thermocouple and pressm take-off was installed
immediately before the oil-jet nozzle af the engine to obtain more
accurate values of oil-inlet conditions than are given by engine-
sump temperature and engine pressure. The estimated static ma
on the bearing was 375 pounds.

.,
RESULTS AND DISCUSSION

The results af the experimental investigation of bearings 1
to 7 (table I) are given in figures 6 to 17. Bearing temperature
was chosen as the principle criterion of operation imasmuch as, in
the final analysis, temperature is an over-all Ucation of the
effects of allthe operating cotitions. M addition, bearing tem-
perature is a direct indication of whether operation is at an equi-
librium cotition and to what degree of severity the bearing is being
subjected.in relation to its maximum permissible operating temper-
ature.

Rig bearinq temperatures. -

to 1.65 x 106 on the temperature
bearing 1 and the representative

The effect d speed for IN values

at the loaded and Unladed sides of
support bearings is shown in fig-

u&e 6(=) for a 7 po& load on test-~earing 1. ‘The effect of speed
for DN values up to 1.43 x 106 and a 1613-pound load is shown in
figure 6(b).

The femyerature data shuwn h figure 6 illustrate two facts:

(a) At very light loads ariifor the speed range covered, the
increase in bearing temperatures with speed is greater than linear
(fig. 6(a)); whereas with an appreciable load on the bearings, the
increase in bearing temperature with speed is approximately linear
(fig 6(b)).

.— .-— .—. . ..— — . ...— — _. ...__ .——— _ —. .. ——__ .-— .__— .——.
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(b) Although the test bearing is of the cylindrical-roller t~e,
the two support beerings of the ball t~e, and all of Mfferent sizes,
the foregoing facts hold qualitatively for all three bearings.

@ failures. - During the investigationsreported, three
inciyient failures of test bearings occurred. An incipient
failure is said to occur when the lwar~j operating at a given set
CE conditions, does not reach a state cf temperature equilibrium ,
below 390°1? or when visual examination indicates excessive wear or
damage to any of the compment parts.

One af the failures occurred h a run to determine the max-
imum IN value over a mnge of loads at which a 75-millWter bore
(size 215) roller bearing would operate at a stable temperature.
Experimental bearing 2 (one-piece inner-~ ce-riding cage) was
operated at a Dli value of 1.65 x 106 with loads of 7, 113, 613,
and 1113 Qounds. 5e bearing failed as the 1113 pound load was
n?moved in preparation to going to a higher speed. The inner-moe
temperature inc~ased rapidly from 308° to 390° F and showed no
signs of reaching equilibrium. The rig was shut down and ,thete’st
tearing inspected. The cage was cut to remove it from the Inner
race am appeammces (fig. 7) indicated an incipient lubrication
failure had occurred at the cage-locating surface. A possible
ex@anation of this failure is that although the bearing had pre-
viously operated satfsfaotorily at the conditions of 7-pound load and
Dll value of 1.65 x 106, upon return to these conditons the bearing
operating temperature was greater because a!?the intervening operation
at a 1113-pound load. AS the load was removed, the relative speed
between the cage and the -r race increased due to slippage
(although shaft speed remained constant). Even though the cage load
decreased tith the increass h slippge, the lower oil-film viscos-
ity resulting from the higher bearing operating temperatures p?o-
duced operation in the higher friction region of boundry lubrication.
The additional heat thus.generated was sufficient to cause an incip-
ient failure at this crititil surface. The diametral clearance of
this bearing, which failed after 17 hours, increased from 0.0018
to 0.0025 inch, and the cage diametral clearance increased from 0.019
to 0.043 inah.

The second incipient failure occurred with bearing 3~ The max-
imum opazfbing conditions that this bearing was subjetted to were: ‘
m value, 1.4 x 106; load 111.3pounds; and temperature, 356° 1?.
The bearhg operated with considenble vibration at I&? values
above 1 X 106. Although equilibrium of the test-bearing tempemture
existed at all conditims, the rig was shut down after the oil had
darkened noticeably. Uyon examination of the test baring, it was

.
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found that the cage pockets and rollers had
table 1). This bearing probably would have
BiV values below 1X 106.

9

worn ap~eciably (see
run for some t,imeat

The third incipient failure was of a somewhat different nature
and occurred with bearing 4. The bearing etiibited rough operation
at II? values above 1.2 x 106. After the shaft speed was increased
to change the IN value from 1.2 x 106 to 1.4 x 106, at a bearing
load of 7 younds, the tempemture increased from 1250 to 245° 1?and
then decreased to an equilibria temperature of 120° l?. With the
application of a 113-pound load, the bearing tem~ratum rose to
330° 1?and then decreased to an equilibrium temperature d? 188° l?.
On the application of a 368-pound load, the bearing temperature rose
to 3900 F. The rig was shut down shortly and the bear= inspected.
The diametral clearance of this bearing, which had run a total
of 16.7 hours, increased from 0.0020 to 0.026 inch, whereas the
rollers decreased in diameter from 0.5255 to 0.5136 inch. The
cage-pocket diameter, however, increased but a small amount. The
exact increase was unlmown inasmuch as the pocket &Lameter could not
be measured before the investigation. (It can be recalled from
table I that a sample bearing was taken apart and measured for Mmen-
sions that could not be obtained from the assembled bearing; the tol-
erances on such dimensions as roller diameters are maintained iuuch
closer than are the tolerances on cage-pocket diameters.) With the
large radial clearance between the cage pockets and the rollers
(table I), this bearing typ is subJect to vibration at high speeds
inasmuch as the cage so locates itself that its center is displaced
appreciably from the bearing center, thereby causing unbalance.
This condition became more severe as operation progressed; and even-
tually, the clearance between the rollers and the cage pockets had
become so great (fig. 8) that the cage was located-at the inner race.
The diametral cl-rice between the cage and the inner race had
tncreased from 0.041 to 0.070 inch. It is probable that some of the
worn cage material mixed with the oil and acted as a lapping compound
that promoted wearing & the rollers and races.

Effect of running time. - At extreme o~eratihg conditions,
where usually small effects are magnified, it has been found that the
operathg characteristics of a roller bearing change with time over
long running periods. Through evaluation of these characteristics
of roller bearings requires much more data than are available at
present. Two examples are presented, however, to illustrate the
nature of the ~oblem and to emphasize how running the affects the
results d comparative investigations that must necessarily be run
for long periods at extreme operating conditions. The data obta~d

— . -—..-—. —. .—- —
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at the reference condition (IM value, 1.2 X 106 (16,000 rp); load,
368 lb; oil-jet diameter, 0.069 in.; oil flow, 2.75 lb@n; and Oil
inlet temperature, 100° F) are given h figure 9 for bearing 5 over a
rum3mg time of X33.5 hours and for bear~ 6 over a running time of
195.9 hours. The abscissa was arbitrarily selected to represent,
to a first approximation, severity of bearimg operation. This sever-
ity factor is the summation of the products of the d3fference betiwen
equilibrium bearimg tempemture and oil inlet temperature for each oper-
atimg condition and the corresponding operatimg time in minutes at ~
that particular Conikltion. !l%mpemdwre was chosen rather than any
combination & the operating variables such as load, speed, oil flow,
and so forth inasmuch as, in the final analysis, tempmature combines
the effects of all the operating variables. The following data are
presented in figure 9 for each bearing; maximum and mimimum outer-
race tempemtures, inner-=ce temperature, cage slip, oil viscosity
at 100° F, d oil viscosity -x.

It is evident from figure 9 that the bearing operating charac-
teristics vary in a somewhat ermtic mmqer. It iS si@icant
that the three bearing tempe~tures followai the same general trend
indicating similarity of oil distribution for the various reference
points. It may be seen that bearing 5 operated at lower temperatures
when it was relatively new. During operation, in the period re

F-sented by change in severity factor from 1.35 x 105 to 2.7 x 10 ,
however, the inner-race temperature ticreased approximately 100° F,
whereas the outer-race temperate increased by a slightly lesser
amount, and operation oonthued at the higher temperature levels
for the remainder of the running the. After the series of runs,
bear- olearance was found to have decreased approximately
0.0003 inch. TMS decrease in clearance indicates either a growth
of the ironerrace or rollers or a shrinkage of the outer race. It
may be seen that cage speed, anh therefore precentage slip, varied
in an unpredictable~r. Percentage of slip is defined as

()IIct- ITc
Percentage af sli~ = 100

NC 1

Nc actual cage speed, rpn
/ \uMC t theoretic&l cage s~eed with no slip, I?ct = # 1 - ~ Ns, rpm

‘P

.
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D roller diameter, inches

.
.

,

‘P pitch diameter of besring, inches

Ifs shaft speed, rpn

It maY be seen from figure 9 that there was an appreciable
decrease in viscosity as well as in viscosity index of the lubri-
cant with ~ssion d operating severity. In cont=st to
bearing 5, it may be seen fram figure 9 that beartng 6 operated at
lower temperatures throughout the series of runs. It is af titqrest
to note that although bearings 5 and 6 are both of the inner--ce-
riding cage t~e, the bearings ~ of tierent construction and
manufacture, which may or may not be significant. “

Ctic@emntial temperature distribution. - Polar plots of

temperature at six points around the outer-race circ@erence for
bearings 4, 5, and 6 for seveml DN values are shown in fig-
ure 10. The tempntures were not miform around the outer race
of the bearing, being lowest Just after the oil inlet h the direc-
tion of rotatia and highest in the region before the oil inlet.
It is also evident that the outer-race circumferentialtemperature
gradient ticreases with increase of speed and increases to a lesser
extent with an tiorease in load (fig. 11). Not only the differ-
ences in cage construction but those in the mounted cleamnces
may account for the dHf’erent temperature distributicms as affected
by”speed and load for the three bearing t~es, as shown in fig-
Ures 10 end 11. Getzlaff (reference 1) found that clearance con-
siderably affects roller-bearing opmat ing temperatures.

Effect d DN value on operathg temperature. - The effects

of shaft speed on operating temperatures of the three types of
bearing investigatedare given in figure I-2for a load of 368 pounds
and an oil flow of 2.75 pounds per minute. Operating temperature
essentially increased linearly with increase in speed for each of
the bearings. It is also evident that the clifferenoes in operating
temperdu&s of the
the higher speeds.
for the maximum and
(The data of fig 12
factor of 2.7 x 105

various bearing tyyes are more pronounced at -
The three bearing types.operated withti +10° F
mean outer–race and the inner-race temperatums.
for bearhg 5 was obtained before a severity
had been reached.)

.
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33ffect of ha on operating temperature. - The effects of load
on the operating temperatures & the three t~es of bearing investi-
gated are given b figure 13 for an oil flow of 2.75 pounds per
minute. The data petit for a 1$1 value of 0.735 X 106 at a 7-pound
load for bearing 5 has not been included 3nasmuch as the bearing
temperatures fluctuated due to an unst&ble system for this particular
operating combination.

As may be seen from figures 13(a) to 13(c), in geneml the
outer-race tempentures of the three bearing t~s increase rather
?.’aTidlywith load in the low-load range, after which the sloye of
ternperaturewith load approaches zero. A si@icant difference in
the temperature M the three bea+ng t~es, for the ccmiitions tives-
tigated, occurs at the light loads where the two-piece roller-rid@
cage-typ beartcg operates at outer-race temperatures appreciably
lower than the other bearing tyyes, particularly at the higher
m values. The slope of outer-race temperatureswith load increases
with higher values of DN in the low-load range for bearing 4 (a
similar effect was observed for test bearing 3); whereas the slop?
czfouter-race temperature with load decreases slightly with higher
IN values h the low-load ramge for bearings 5 and.6. l!hes~si@f -
ioemt clifferences among bearings are, howewr, not apparent at the
lower speeds, for e-le, DN valus of 0.3 x 106. The marked
increase in operating temperature above loads of 368 pounds a% the
higher IN values for bearing 5 may be e@lainedj in part, by the
small clearance values of this bearing.

The inner-race temperaturesfor bearing 4 show an increasing
‘slopetith speed in the very-low-load range (f@. 13(d)). As more
load is applied.(between 113 and 368 lb), the tempemture decreases;
this decrease occurs only at the higher IJi?values and more sharply
as the DN value‘exceeds0.735 x 106. For bearings 5 and 6, a
sanewhat different operating characteristic is noted in that the
slope af temperature with load gradually decreases with ticreas~
DN values ti the low-load range - actually becomes negative at
m values d 1.2 x 106. Above loads of 368 pounds, however, the
slope of temperature with load is positive or zero for all the
bearing ty&s .

The more favoxable temperature characteristicsd the roller-
riMng cage-type bearing over the inner-race-ridingcage-t~ bearing
in the low-load high-speed range may
large percentage slip found for both
Conil.itims. This ~oint is discussed
~ KKxlLTS.

be e@Aned h part by the
bearing t~s at these operating
h the section ANALYSIS OF
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Effect of load and 8Peed on percentage sli~. - As previously
stated, cage speed, or orbital roller speed, was determined by means
of a magnetic pickup, which counted the rollers as they ~ssed a
given point on the outer race.

The effect of IN on percentage slip is shown in figure 14
for bearing 4, which has”a roller-riding cage and h figure 15 for
bearings 5 and 6, Vhich have inner-race-riding cages. The curves
af figures 14 and 15 are for relatively new bearin@. It has been
found that the cage speed is not readily reproducible, particularly
at the higher DN values; the variatims might depend upon a num-
ber of th~s including Vib=tion, extent of roller skewing, and
clearances within the bearing. The geneml trend M these curves,
huwever, ~cates an increase h slip with increase b speed and
a decrease in slip with increase in load. These fjndinns are sM-
ilar to resu+ts obtained with needle bearings (reference 3). In
com~@ these figures, it may be obsemed that, under certati

\operatimg conditions (low DN valyes and loads of 113 lb or greater)
the cage speed of a ‘bearinghav5ng an inner-race riding-cage is
greater than the theoretical cage speed (fig. 15). This result was
not observed for an equivalent bearing hav5ng a roller-riding-cage
(fig. 14).

The insets d’ figures 14 and 15 show the Variatim of slip
with load for bear~s 4 and 5, respectively. The fact that in
figure I-5the slip is minus for low DN values indicates that fric-
tion at the cage-locating surf’aceis the driving force overcoming
the rolling and sliding fricticm of the rollers at the raceways at
luwer syeeds. This condition, however, does not occur at higher’
DN values. The fact that the curve for a DN value of 0.3 X 106
approaches the zero slip line at higher lomie (insert, fig. 15) is
protably due to the increased roller traction at higher loads. It
thus appears that as the load increases the driving force due to
roller tmction gradua311yovercomes the driving force due to sliding ‘
friction at the cage-locating surface for the inner-race-ridingcage-
type bearing.

Comparison with engine bearing data. - The operating chsracter~
istics of the rear bearing of an aircraft gas turbine (bearing 7 of
table I) over the speed mnge 4000 to 11,500 rpm (DN 0.3 X 106
to 0.86 X 106) are presented in figures 16 and 17.

The maximum and mean outer-race tempemtums are shown in fig-
ures 16(a) and 16(b), respectively, whereas figures 16(c) and 16(d)
show the oil flow, oil pressure, oil filet temperature) @ ~
“temperaturedMference around the outer-mce circumference. Also

—.— —— .— ~— ..-— ——_ .—.
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shcmn h figuce 16, for comprison p~ses, are the corresponding
data obtahed b the bearing tast rlg for a similar bearing (bear-
ing 6, table I). A plot of the cticumfemntial tempratum distri-
bution is presented in figure 17. ~ this case, the circumPerent~l
gradient is about 350 1?at 11,500 v (IIV & 0.86 x 106)~ This
~dient is qualitatively stiilar to those obtained in the bearing
rig in that the maximum temperature occurred h the region 2700
to 3000 after the oil-jet location in the tirection of shaft rota-
tion; whereas the midmum temperate occurred in the region 600
to 90° after the oil-Jet location in the &lrection of shaft rotation.

It is interesting to note from figure 16 the sharp increases
in - 3 bearing tempsrat~, oil inlet temperature, and circumfer-
ential teniperatum gradient with engine speed above approximately

8000 rpm (DN of 0.6 X 106). These increases may be accounted for
in part by the fact that more heat flows to the bearing through the
shaft and housing at the more severe operating conditions. (The
oil-flow curve of fig. 16(c) was obtained in a,setup using the
equilibrium oil inlet temperat=s and pressures obtained fran
engine operating data.) It is of interest to note that this engine
is not equiyped with an oil cooler.

.

.

.

.

Emanations of all phenomena observed are not available at
this the; however, the following discussion may lead to a better
understanding of the results obtahwi.

changes h test-bear% dimensi&s with rurdng the. - The
test-bear= measurements before and after runnimg are given h
table I. Jnamuoh as nondestructive disassembly of bear@s af
the three types investigated.is~impossible, unused sample bearimgs
were disassembled to obtain represe@ative data. Compwlsa af
the before and after running data is therefore open to question
.inasmuch as tie data compared were not obtained from the same
beming. The manufacturing tolerances of high-speed aircraft-
grade beaz5ngs, however, are so close as to make i% possible to
draw conclusionsfran certain of the tits presented. Although
these results are self-explanatory,b few prticu,larl.yinteresting
facts are mentioned..

(a) The only significant change in roller diameters occmred
with the roller-rid3ng cage-type bearms.

.

.
.

.

.
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.

.

-—— —.-— ————- -==- —



.

.

.
.

.

NACA TN 2128

(b) Roller lengths did not change
bearings investigated, and inasmuch as

15

appreciably in any of the
the axial cleamnce between

the rollers and inner&ace flanges increased in oertain of the bear-
ings, the wearing occurred at the flsnge oontaot faces.

(c) An increase b diametml cl~ e between the roller and
cage pocket oocumed in most & the bearings; however, this increase
was most ~ked in the roller-riding cage-tyye be-.

(a) Beming and cage titml c1 earances iacreased appreciably
in each bearing that failed.. This inorease was ve~ small b beer-
ings that gave satisfactory operation.

Changes in surface finish cd test-bearing component parts vith

running the. - Surface-finish values aP the component Prts for
each bearing type obtained from disassembled sample bearings, as
well as frm disassembled test bearings 4, 5, and 6 (which are repre-
sentative & the three typm of bearing used h this investigation)
after ruminn, are given in table ~. Ccmrparisond these values
before ti after running is questionable,.just as are hardness
values, because the data were not obtained using the same bearing
In each case. Some facts from table IX worth emphasizing are:

‘(a) For new bearings, values of surface finish are seen to he
consistently lower in the circumferential directia than in the axial
direction, which is no-l to the Mreotion of cut; huwever, after
long rumning periods the M.fference in surface finish between the
circude~nt ial and the axial directions was not gensrall.yso great.

(b) Even though bearimgs 5 and 6 had not failed, certain of the
surfaces etibit poorer finish after running than befo=, which ‘is
particularly true for finish in the o~erential direction.

“(c)It is evident that much can be accomplished regnXLing closer
. tolerances of surface f~sh at the critical lowtions, @reticularly

at the cage locat@+mrfaces and cage pockets.

change in haidness & test-bearing component parts with rumdnR
-time.- The hardness values of the mm~onent ~ts for each bearing
~ (obtainedfrom disassembled sample bearings, as well as fmm the
dissembled test b-rings 4, 5, ~ 6 titer ~) ~e gi~~ fi
table III. The following titerest3ng facts are a-nt:

(a) The rollers are the hardest prim of each of the new besr-
~s; however, titer runn@ there is very little difference in the

~— .—— ___ ___ _. ___ __
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hardness of any of the steel parts indicating that tempering of ths
rollers occurs during very high-speed.operation.

(b) The hardness of the cage material varies considerably not
only for cages of different manufacture but also for cages of the
same manufacture.

.

Effecstof crowning & test-bearing contact surfaces. - The

measuc,ementd roller and raceway crowning is given in table IV for
‘.each of the bearing types investigated. The ~inry purpose d
cr&rdng in roller bearimgs is to relieve the edge stress at the line
af contact, whioh may reach values as high as one and one-half times
the calculated value M the mean stress. (The mean stress is approx-
hately 0.8 of the ~ stress for line contact.) Crowning M the
contact stiaces may also hfluence the percentage S1;P within roller
bearings at high s~eeds @ light lcade.

It may be seen from table IV that the two-piece _er-race-
riding cage-type bear- had no crowning at any of the contact sur-
faces, whereas the other two bearing t~es had roller crowmlng of
0.0002 to 0.0003 inch to about 1/16 inch from the ends of each roller
(not incluilingthe chamfer). In order to provide maximum roller sta-
bility in a’cylindrical roller bear~, it is possible that an
alterna.tivewould be to crown the inner and outer race and leave the
rollers uncrowned.

Tmpe rature-speed relation as affected by load. - The data of
figure 6 illustrate that at very light loads, apd for the speed range
covered, the increase in bearing temperature tith speed is greater
than lhear; whereas with an appreciabb load on the bearings, the
increase in bearing temperature with speed is approximately Ilnear.
Also, although the test bearing is of the cylindrical-rollertyye and
the two support bearings are of”the deep-groove ball type, and all
exe of different sizes, the foregoing facts hold qualitatively for all
three bearings. These facts indicate that at very light loads the
increase in slippage within each bearing as the speed is increased
oauses a greater resultant friotion than without slippage.

Effect of cage type. - Significant differences exist In the
operating charaoteritiicsof the three types of turbine roller bear-
ing currently used interchangeablyin some aircraft gas-turbine
engines. These differences become more apparent at the very high .

.
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Although all three types are apparentw satisfactory at the “
DN values currently encountered, a greater factor af safety

would result under critical &nditione if”the–rear turbine bearimg -
of this engine were restricted to the one-pieoe inner–race-riding
cage-type hearing because d its more re~ble performance.

The main disadvantage of the roller-riding cage-type bearing
is that excessive roller and cage-pocket wear occurs at high speeds,
eventually causing the cage to be located on the inner race; however,
inasmuch as this bearing type has inherent advantages -overthe inner-
race ri&lng-cage type bearing, it may be yossible to refine the
design W manufacturing techniques of this cage-t~e bearing so
that wear at high speeds would be mterially reduced. Improvements
in this directicm may be realized by closer tolerances regarding
pocket spacing, pocket clearanoe, pocket s-ace finish, by bal-
ancimg the assembled cage, and by decreasing the axial clearance
between the rollers and the race flanges.

For applications involving very lightly loaded high-speed
roller bearings (maximum load of about 100 lb), such as the idler
rotor bearing h one aircraft gas-turbine engine, an improved roller-
riding cage-type bearing may prove ad.vmtageous (over an ,inner-race
riding-cage t~e bearing) due to its inherent characteristic of
operating at lower temperatures under these conditions.

An improved roller-riding cage-type bearing may operate with
lees cage pickup than an inner-race-riding cage-t= bearing during
engine starting under faulty lubricating conditions inasmuch as the
cage assembly of the roller-riding cage-type bearing is driven only
by roller traction; whereas the cage speed of the inner-race-riding
cage-t~ bearing is influenced by surface contact between the inner
race and cage in addition to roller traction.

It would be advantageous to so design the cages d all high-
speed beer-s as to induce the flow of lubricant to the areas where
it is most needed, that is, to the cage-locating.surface,the roller
ends, and the roller pockets. No attempt has been made to ticorporate
such design considerations in any al’the cage types investigated
herein. The addition of expediently desi~d chamfers, grooves, -
passageways may enhance the lubricating and coo13ng efficiency of a
given quantity & oil. Such modifications are recommended for future
high-speed bearings.

—.——-.-—— - —.-. . .. . . . . — -.=— .- —~ ———._ ——— —.—-
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EPfect of slip on total roller load. - It is shown in refer-
ence 4 that the We of a rolling-contactbeering is appreciably
decreased in the high-speed rouge due to the load imposed by the
action of centrifugalforce on the rolling elements. ~iS load,
which acts in addition to the applied external load, is calculated
by Newton’s second law with the centmipetal acceleration calculated
from the theoretical cage speed. A plot shuwing this theoretical
load is given for roller bearings in figure 18. Under conditions
at which the effects & centrifugal load.are significant (that is,
at high speeds), the expertiental results reported herein indicate
that a considerablepercentage of slip occurs between the rollers
and the raceway=. The slip oauses the centrifugal Ioad to be
appreciably less than that calculated from theoretical cage speed
because its value is proportional to the square of cage speed.
hmuoh as many high-speed bearings are run at light loads, the
effect of slippagewithin the bearing is quite tiportant due to the
reduction in centrtiugalforce,-whichresults in a reduction in
the net bearing”load, as the slippage increases. As an example,
it my be seen that at a DN value of 1.52 x 106 (20,250 rpm) the
theoretical centrifugalforce is (from fig. 18) approximately
180 pounds, whereas the actual centrtiugal force with 65 percent
slip (see point A, fig. 14) is determined frm figure 18 by ushg
an equivalent shaft speed Ns t, where

Ns’ = (100-percentslip) (Q
100

where

Ifs

m
or

actual shaft speed.,rpm

this case, the actual centrifugal load is approximately 22 pounds
only I-2.2percent of the theoretical value. The difference between

the theoretical and actual load is 158 pounds or 42 percent af the
etiernal load, whioh in this cash is the gmtity load of 368 pounds
on this size bearing in an aircraft gas-turbine enghe. It iS,
therefore, seen that at high speeds”and light loads the slippage
within the bearing is significant regarding the life of the bearing
inasmuch as the life varies appro-tely as the cube of total load
(referenoe5).

=f eot aC slip on relative velocities. - Slippage wfthin the
bearing is also of interest because the relative surface speed at
the cage-locating surfaoe is a function of the cage speed.

.
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In a tearing having a roller-riding cage, only one source of
sliding friotion exists at the oage surfaces and that is at the
oage pockets. In a bearing having an inner-~ce -riding cage,
however, the roller pockets and the surfaoes between the cage and
the inner race are the sources of oage friction. For the case
of the roller-riding cage, the relative velocity at the cage-
locating surface (that is, at the oage pockets) decreases as the
percentage slip inoreases, inasnuch as the rollers do not rotate
about their respective axes as fast with slippage as when no
slippage occurs. For the inner-race-riding cage, a similar
decrease inrelatim velocit~ occurs at the cage pockets with ti
&z’ease in slip in addition however, the relative velocity at the .
cage-locating s~ace (that is, between the cage and the inner race)
increases as the slip increases inasmuch as the inner-nce stiace
speed reW@s constant, whereas the cage-surface speed decreases.
This fundamental Mfference of the two cage designs may account,
in part, for the large difference in opezating tqratures in the
high speed, low-load range (fig. 1.3). It is seen, however, that for
loads above 400 younds the bearings o~erate at more nearly the -
same temperatures,which imdicates that as load 5.sapplied the
effects of the &!f’ferentcage typs are not as significant.

Inasmuch as the cage-locating surface & a bearhg having an
inner-race-ridingcage is a plain bearing of ‘%erymall length-
diameter mtio (about 0.03 to 0.04 as compared to approximately
1 in a sleeve bearing), little oil-film-load capacity is available
and it is believed that sliding in the boundary region of lubrication
occurs at this surface. Design changes resulting in hydrodynamic
lubrication at this locating surface at high speeds should give
increased cage life and operating reliability.

Hy&@namic lubrication of roller bear~s. - That a h@co-
dynamio film~y efist t)etweenrollers and races ina roller bearing
is shown by Buche (reference 6), who applied the hydrodynamic thecmy
of lubrication to roller bearings. Gatcombe (reference 7) applied
the h@dymmic theory of lubrloation to spur gears and found that
high h@c@namic pressures are developed between two disks rolled
together in oil. The results inoluded herein with roller bearings
that operated at less than the theoretical Gage sped indicate that
the rollers may be separated from the races by a film of oil inas-
nmch as negligible roller wear was In evidence in the bearings that
did not fail.

— .-. ..—. . . -–-.— —.— ——-— ———-— — .—. —— —— —— —-—-- --- —.-



20 NACA TN’2128

IWect af ciro~erential temperature distribution. - The
exact effeot of the chxnmrfezwntialtemperature gradient of the
outer =ce, as evidenoed h figures 10, 11, and 17, is unlmown;
however, it either oauses the outer =oe to become out af round &
oauses thermal stresses in the otier race and housing. The mag-
nitude af the noncircularitymay be estimated by calculating the
e-ion between Mametrioally oyyosed polats on the circumference
of the outer raoe assuming that the hous~ and the outer race both
expnd accorMng to the circumferentialtemperature distribution
at the titezfaoe between the two parts. A quali~tive pictwe of
the dist-im oocurring under suoh ctiumstances, is evident in
figlu’es10, 11, and 17● .

Mfeot of Uferential eQansion upon running clearanoe. - l!he
Ufferenoe between rmnlng olearame and mounted cleammoe depends
upon the relative Uf erenttil expansion between the inner =ce,
the rollers, and the otier race. E, it is assmned; that the mean
roller temperature is the average of the mean outer-raoe temperate
and the inner-zace temperature, that the outer race and its housing
both expand according to the ciroumfermtial temperature distri-
bution at the interface between the two parts, and that the circum-
ferential temperature gradient about the inner race is slight and
therefore that the single thermocouple gives the inner-race tem-
perature, then the runn3ng clearance may be estimated frm the data
given herein. Inmmuuh as the f@t two assmptims are oyen to
considerable conjecture, calculated rundng clearances are not
included herein. .

The data obtained from an airoraft gas-turbine engine or other
s~lar applications may give results far &lf’ferentthan the fore-
going results regarding estimated rumdng clearence beoause the rotor
of a jet engine is considerablywarmer than the outer-raoe hous~.

smMAIcioF~

From the experimental investigationand
of 75-mil13meter-bore (size 215) cylhdrioal

analysisof the results
roller bearings operated

over a range of DM v&es (p%duct ‘d bearing bore in m-multiplied
by shaft syeed in rpm) from O.3 x 106 to 1.65 x 106 under loads,
fra 7 to 1613 pounds, snd with a jet-type circulatory oil feed.,the
fOllowing results were Obtatia:

1. Beer3ng operatingtemperatures.were much more sensitive to
changes in speed than to changes i+ load exoept in the low-load range.
The temperature af a l=ded roller beazzbg was found to inorease

.
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,

app?oxhately linearly with an increase in speed; however, the tem-
perature & an ti~tia roller bear3ng increased at a rate greater
than lhear pres-bly due to slippage within the bearing at the
higher speeds.’

2. Of the seven bearhgs investigated, three ticipient failures
occurred. Two failures were of roller-riding cage-type bearings
and the other of an inner-race-ri

9
oage-type bearing. The mx-

imum IN value reached was 1.4 x 10 for the first failures and’
1.65 x 106 for the otherfailure.

3. The test bearimgs were foundto undergo c&mgea in o~rating
characteristicswith running time in that at a given operating con-
dition the inner-and outer-rice temperatwes and the cage speed varied
as the operation ~ogressed.

4. The oprating temperatwe$d the three t~s CE bearing
were found to differ most in the low-load, high-qeed range where the
roller-riding cage-type bearing e~ibited significantly lower oyerat-
@ @mpe&tums than the one- and two-piece, inner-race-riding cage-
type bearings. The operation d the roller-riding cage-type bear3ng
was considerably rougher, and the bearing showed prohibitive roller
and cage wear after relatimly short high-s~eed oyeration (DN values
over 1 X 106), aa compared to the hum?-raoe-riding cage-t~e bearings.

5. W general,the percentage of slip withti the bearing
increased with an increase in EN value and decreased tith ticrease
b load, reaching avenge values greater than 60-yercent sliy at
IN values from 1.35 x ~06 to 1.65 X 106.

6. TMler certati operating conditions, namely moderate S_peeti
and baas, (that is, IN values in the mnge 0.3 X 106 to 0.7 X 106
and loads in the range 100 to 1100 lb), the inner-race-riding cage-
type bearing o~~tea with a cage spea greater than the theoretical
value, whioh indicated that the cage and rollers were driven by the 1 .
~e–locating surface rather than the cage being driven by the roll-
ers. This condition was not obsemed for an equivalent bearing hv-
ing a roller-riding cage. >

7. A circmd’erentialtempemture @ent exi.steaaround the
outer mce d the turbine roller bearing of an aircraft turbine
engine; this ~tient was qualitatively similar to that obtatia h
the bearing rig in that the mx5mum t~pemture occurrd in the
region 270° to 300° titer the oil-jet location; whereas the minimum
tem~erature occurred in the region 600 to 90° after the oil-jet
location in the direction @ shaft rotation.

,
,
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8. Although oousiderable slippage ocours at high speeds and ‘
light loads for the cylindrical roller bearings investigated,
there was little evidenoe of roller wear in the bearings that did
not fail. It is therefore postulated that there may exist a hydro-
@Mmio ftiof Oilbe%enrO~erS and raceways under suoh operat-

5“

ing conditions.
.

Lewis Flight hpulsionhboratory,
National Advisory Committee for Aer,onautics,

Cleveland, Ohio, October.24, 1949.
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TABIE II- 3URFA02 FIM16# OF T13SWW130 O~PO~lE PART6

1

B9arlng mmt=ar 4 5 6

(kmthnotlon Two-pleae roller- Tw-pieoe hner- Cme-pleoe lnner-
rld3ng oa~ raoe-rldln$ Oage raoe-riding aaqe

%wolw After %3w0m After %rom Afber

Total mnmlng time (hr) o # 16.7 0 133*6 o 195.9

~’ATemp. (OF) X tb (u&) .0 O.6BX1O5 o 11.7axlo5 o 11.e4xlo6

Ooter-raoe Axial 6-6 7-6
traok

3-3.6 7-8 10-11 6-7

,- Olrcumferential 3.5-4.0 8-8 Z-2.5 4-6 3-4 4-6

Wner-raoe Traok Axial 64 6-6 10-11 45 6.5-7.5 6-7

Clroumferentlal 3.0
‘1.5-2 6-7
Luldllo-y50 3-5 S-3.5 3-4 3-4

alo.~ 8.9 ‘so-m 3.3-16
dl&~ ~.17

%0-12 85*oLands Axial U-14 10-12 .

Clrouiferentlal 4-6 3.5”s.6 14-16 7-6 2-8,6 M-la 3-5 3-4 34 34

Ciruumferentlal 3-3.5 la-14 1.5, 2 3

Ends f3-lo lo-la 10-16 10-15 4-5

Cage boat lng Axial ------ . .....
surfaoe

!26-30 40-50 3040

Olmnmferent Ial -.. -.. ..-.-. lm?o 1O-I.5 80-25

Pooket Axial 30-36 20-25 19-81 %1-90 8&36 18-!28

Ciroumfewmtlal 15-20 10-2’2 13-15. 35-40 20-26 18-22

2.5

2,4

‘%-w 70-30

15-ao 50-70

16-ao

1O-I.6 z
b

%-urfaoe finish meaaumd h mloroinohes, me.
%easomement obtained from sample Fmarings. =2%=:

%Urfaoe f~sh at t~ee ~epre~entative Bu.faoes.

d3nrfaoe finish for We two oage-looatlng enrfaees.
z

‘Surfaoe flnlsh from Bama oage pocket for trailing and for leading sides. N

E
w

. ..-

“,
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TABLE III - HARDNESS OF TEST-HMR 1N3 COMPONENT PARTS

Ebarlng number 4. 5 6

1 1 I

Conatruation TwO-pieoe roller- Two -pie oe inner - One -piece inner-

rlding sage ‘race riding oage race-riding oage

aafore After a~fore After a~fore titer

Total running time (hr ) o 16.7 0 133.5 0 195.9

llA tOmP. (°F) X time (mIn) o 0.66 X105 o 11.79X105 o 11.64x105

Outer race

I
59-60

(Rookwell C.soae ) I
58-60

I
61-62

I
60+1

I

59-60

I
59-60

Inner raoe 68-59 58-69
(Rookwdl a-soal~)

69-60 58-69 68-59 57-60

Rollers

(l@Ctiell .c-so~e )
60-61 57-58 60-63 57-59 62-63 59-60

cage 51-64 b58-62 66-67 ~49-52 60-53 b47-~

(Rookwell B-soale )

Weaeurement obtained from sample bearing.

%ardness at several oage looations was found to be within this range.



I TABLE ry - CROWING OF TEST-BEARING CONTACT SURFACE5 “

Construction Two-piece roller- Two-piece Mner- One -piece Inner-race -
rfdlng sage raoe{rldhg uage riding cage

Outer-race None None None
orownlng

“Inner-race Edge of race track None None

crowning 0.00005 - 0.0001 Inch high ,-

Roller 0 ● 0002 - 0.6003 inch None 0.0002 - 0.0003 inoh

crownfng
(to about 1/16 in. from (to abo& 1/16 In. frcm
eaoh end) eaoh end)

.-. .

“

.
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lock nuts
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C- 23398
5-4-49

Figure 2. - Teat-e- assembly.
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Figure 5. - Absolute vifioosl~y and speolfio gravity of oil. Pour point, -wo F; flash point,
3100 F; vlsoosity index, lECI.



34 NACA TN 2128
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Wo Iaaatlon of Load
beartng thermocouple Bearing (lb) Y

{

280
0 60’”b&utioaded sldti~Test❑ 3.!2otuloc~ loaded side
01.2 otclo@ unloaded side

/

V 6 o~ulo~ loaded aide }Centerswp.ti 1:
A 6 ofclock,tioaded side Re~ ~mofi
\~ o~cloo~loadeds~de } 7

260

240
/

/

220

200 . / ‘

180

160 / v

. /

140 .

/ ‘ T
6

3.20 / ? L /
d

+

100
=$s$=

o .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8x1

Im

(a) Test-bearing load, 7,POUIMS.

..6

.

.

.
..
.,

.

Figure 6. - Effect of speed and lohd on operating temperatures of bearing 1
and representative support bearings. 011 flow for each bearing, 8 pounds
per minute; oil-jet diameter, 0.180 inah; oil inlet pressure, 10 pounds

.

per square inch; oil inlet temperature, 100° F. Oil jet louated at 12 .

.

olclook.
.

.

.
.
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300

280

260

240

220

200

180

MC

140

1.20

100

hoatlon of Ioad
bearing thermocouple 133aring (lb)

O 6 o~clook,
❑ 12 otolook,
01.2 o!clook,
A 6 otclock,
V 6 O*ClO&,
N 12 ololock,

loaded side
unloaded sfd~}

Test

M

1613

loaded side
unloaded side

1

Center support 3226

=a~e~l~~de ‘e=mpport 1613

Side of bearing /
Ioaded d . 1“ I I

—— Unloaded /

/

/ (
/

/
{

i‘
/

/, /’
/

/

/
r

/
{
/

/ /

/
/ 7

/ // ~
/

A

/(
y ‘

/-
/‘

/
/

4

/

-
.2 .4 .6 .8 1.0 1.2 1.4 1.6xl&

IN

(b) Test-bearing load, 1613 pounds.

Figure 6. - Concluded. Effect of speed and load on oper.stingtem-
peratures of bearing 1 and representative support bearings. oil
flow for eaah bearing, 8 pounds per minute; oil-jet diameter,
0.180 tich; oil inlet ressure, 10 pounds per square inch; oil

%inlet temperature, 100 F. Oll,jet located at 12 otcloak.”
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42 NACA TN 2128
.

.

(a) Bearing4; two-pieueroller-tidingoage. (b) Bearlng5; Iwo-pieoe Inner-raoe-riding

W*

. .

=s=

(o)Bearing 6; one-pi-e lnuer-moe-riding cage.

●

Figure 10. - outer-me oirmngferentid tegpsratureWribution for bearlnga4, 5, ti 6
~formvallle8 frcallo.3xlo tol.2x lo. Load, 368 pads; oll flov, 2.75 POUME per
minute; oil-jetdiameter,0.089 imh; oil inlet presmre, 9.5 pamb per square Inoh;
oil.inlet tempemture, 100° F.
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NACA TN 2128 43

..

.

0
❑

‘“73

(l#i!. )

m’

(a) Bemin84; two-pie~eroller-ridingoage. (b) W-5; two-pieaeinner-raw-riding
-.

To

(u)Bearing 6; me-pieue inner-raoe-ridingcage.

\

m ~. -@t..er-moe uirounrferent~ temperature
for loads of 7 and 1113 pcumis. m @ue$ 1.2 x ~~fihtion ‘m ‘a 4, 5, and 6 -; oil flow, 2 .“75 pwnds psr miunte;
oil-jettiter 0.069 inoh; oil inlet pressure,9.5 pmnde ~r square inoh; oiJ inlet
temperature 1006 F.
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Figure 14. - Effe@ of speed on percentage slip for bearin 4.
Y

Load, ‘7,113, 368,
613~end ,1113pounde; oil flow, 2.75 pounds per minute; o l-jet diameter, 0.089 inoh;

oil inlet pressure, 9.5 poundn per square inoh; 011 inlet temperature, 100° F;
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Figure 15. - Effect of speed on percentage sllp for bearings 5 and 6. Load
on bearing 5: 7, 113, 368, 613, and 1113 pounds; load on bearing 6: 368
pounds; oil flow to each bearing, 2.75 pounds per minute; oil-jet diameter,
0.089 inch; oil inlet pressure, 9.5 pounds per square inch; oil inlet
temperature, 100° F.
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.-011 inlet

Figure 17. - Circumferentialtemperaturedistributionaround outer race of airor.aft
gaa-turbine-engke roller bearing (bearing7 from table I). Load, 375 pounds. Oil-
jet diameter, 0.032 inoh.
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